Unlike the Si/Al ratio of their framework, the location of the aluminum atoms is not well described. It has proved difficult to establish the local structure surrounding the aluminum sites by diffraction methods, since aluminum and silicon are very close in X-ray scattering power and thus XRD gives only the weighted average of the Si À O and Al À O distances. Extended X-ray absorption fine structure (EXAFS) spectroscopy can be used to probe the local structure around aluminum in zeolites. This information is less accurate than the average from XRD, but the ability of EXAFS to probe the local structure around a selected element allows easy in situ measurements. [4] Aluminum Xray adsorption near edge structure (XANES) spectroscopy can also be used to extract such information, although it does not yield interatomic distances. [5] Several attempts have been made to probe structural variations by MAS-NMR spectroscopy, [6] [7] [8] but as soon as even small amounts of aluminum are present in the framework, the resolution is degraded and the spectra provide insufficient information about aluminum site preferences. [9] These experimental challenges, combined with the importance of aluminum site distributions, have created a significant opportunity for molecular modeling, and important additional information about the local structure surrounding aluminum sites has come from simulations. [7, [10] [11] [12] [13] The aluminum distribution on the crystal level, as well as the distribution on the level of a single unit cell, remains a subject of debate. [14] [15] [16] [17] [18] [19] [20] Herein, we present an alternative theoretical approach in which we identify those experimentally accessible properties that are crucially dependent on the aluminum distribution and associated cation distribution. Once these properties have been identified, we compute the most likely positions of aluminum in zeolites by matching simulation results with available experimental data. This crucially depends on the quality of the force field. Recently, two force fields were developed for sodium and protons in aluminosilicates that gave results that were not only qualitatively but also quantitatively in good agreement with experiments. [21, 22] We have performed molecular simulations to obtain the adsorption and diffusion properties of alkanes in a variety of zeolitic structures of industrial importance [23] by varying the positions of the aluminum atoms. Figure 1 shows the unit cells of FER and TON along with the four different crystallographic positions of the silicon and/or aluminum atoms (Tatoms). Although distributions over larger supercells may exist, [14] our approach implicitly assumes a homogeneous aluminum distribution for the zeolite which is the same for each crystallographic unit cell. However, the method presented herein is in principle applicable to larger scale orderings. The best calibrated and optimized models for adsorption in these structures are the united-atom models, in which the CH x groups of alkanes are represented as single, chargeless interaction centers with their own effective potentials. [22] Recently, these models also gave quantitative agreement with neutron scattering experiments for collective and transport diffusivity of ethane in silicalite. [24] The force field we used implicitly includes an "average" polarization in the parameterization by means of the polarization effect induced by the nonframework ions on the zeolite and on the alkanes. [21, 22, 25, 26] Adsorption and diffusion studies were performed by means of Monte Carlo (MC) and molecular dynamics (MD) simulations, respectively. Further details are given in reference [27] . Henry coefficients of linear alkanes were computed for all structures at a fixed Si/Al ratio by varying the aluminum distribution and using Na + and H + as nonframework ions. Our results show that adsorption properties of certain zeolitic structures are insensitive to the aluminum distribution, while for another class of structures the distribution does matter. Structures such as LTA, MFI, FAU, and MEL are included in the first group, while LTL, MOR, FER, and TON belong to the second class (for small alkanes). The first group was previously used to unambiguously parameterize our simulation method, [22, 28] and with the second group we can reverse-engineer the average aluminum distribution.
To discuss and illustrate the method to identify the aluminum positions, we carefully analyzed three zeolites for which experimental data are available for comparison and it is also feasible to consider all possible aluminum distributions per unit cell: H + [AlSi 23 O 48 ]-TON and H + [AlSi 35 O 72 ]-FER (with 4 possible aluminum distributions per unit cell shown in Figure 1 ), and Na The adsorption of alkanes in Na-MOR is strongly influenced by the aluminum distribution (Figure 2 ). Adsorption isotherms were calculated at 293 K for the 16 structures and compared with available experimental data [29] (Figure 2 a) . Detailed adsorption behavior at low pressures is shown in Figure 2 b, where Henry coefficients are computed at several temperatures. Methane shows the highest adsorption in structure 16 (Al atoms replace Si4, Si18, Si31, Si42, Si80, Si93, Si105, and Si115), and the lowest for structure 6 (Al atoms replace Si3, Si18, Si32, Si42, Si79, Si93, Si106, and Si115). The agreement with experimental values [30] is remarkable for structure 16 . In this structure the eight Al atoms are located in the 4-rings, in complete conformity with the suggested preferential sites of aluminum provided by previous crystallographic, experimental, and theoretical work. [16, 19, [31] [32] [33] [34] The method is transferable to other protonated aluminosilicate structures, as shown in Figures 3 and 4 for H-FERand H-TON-type zeolites, respectively. Simulations were performed for propane, butane, pentane, hexane, heptane, octane, and nonane for all feasible protonated structures (four possible Al positions for each zeolite). Structures with aluminum substitutions at Si1, Si2, Si3, and Si4 are labeled as structures 1, 2, 3, and 4, respectively. Direct comparison with the experimental values [35, 36] predicts that most of the aluminum atoms in the experimental zeolite sample substituted Si3 in H-FER structures, and Si3 and Si4 in H-TON structures.
Diffusion coefficients of methane and ethane in TON and FER structures were computed ( Table 1) . Diffusion of [35] Simulations were performed with 16 unit cells. The structure numbering is independent from that in Figure 2 . 23 O 48 ]-TON at 548 K compared with experimental data. [36] Simulations were performed with 20 unit cells. The structure numbering is identical to that in Figure 3 . methane and ethane is faster in FER structures than in TON structures. According to our results both types of structure provide lower diffusivity when Si3 and Si4 are substituted and the highest when Si2 and Si1 are substituted. Substitutions in Si2 and Si1 provide similar diffusivity to pure-silica TON and FER, respectively. We note that the idea of reverse-engineering aluminum positions is not restricted to adsorption properties alone but, when experimental data become available, could also be applied to diffusion or other dynamic information.
The field of molecular simulation is rapidly expanding, and future advances in force fields could lead to similar approaches for other systems. The presented relation between adsorption/diffusion properties and aluminum distributions can be exploited for designing more-efficient industrial adsorbents. It should be possible, in the longer term, to use these data to more clearly delineate any relationships between the aluminum locations and the catalytic activities and selectivities of aluminosilicates. 
